Rice is a weak competitor against weeds and the majority of African farmers have few options and resources available for effective weed control. Weed control is one of the most important and suggestive practices for potential rice production. Field trials were carried out during 2017/2018 dry season at the Teaching and Research Fadama farm of the Kebbi State University of Science and Technology located at Jega (Latitude 12º21ˈN; Longitude 4º36ˈE) and that of Usmanu Danfodiyo University Sokoto located at Kwalkwalawa (Latitude 13º01ˈN, Longitude 5º09ˈE) to study the Ajala et al.; JAERI, 20(3): 1-14, 2019; Article no.JAERI.52972 2 effects of integrated weed management (IWM) and variety on weed occurrence and the growth of rice. Both locations lie within Sudan Savanna ecological zone of Nigeria. The treatments consisted of six (6) weed management options (Solarization/Orizo-plus (3 WAT)/Hoe-weeding (6 WAT), Round-up/Orizo-plus (3 WAT)/Hoe-weeding (6WAT), Solarization/Hoe-weeding (3 WAT)/Hoeweeding (6 WAT), Round-up/Hoe-weeding (3 WAT)/Hoe-weeding (6 WAT), Weedy-check and Weed-free) and three (3) rice varieties (Jamila, Faro 44 and Faro 57). The factorial combinations of the treatments were laid out in a randomized complete block design (RCBD) with the split-plot arrangement and were replicated three times. Weed management options formed the main plots while rice varieties were assigned to the sub-plots. The result of the study indicated that combination of solarization, orizo-plus and hoe-weeding achieved an effective weed control (33.56 g weed dry matter per m 2 ) close to the weekly hoe-weeding (16.13 g weed dry matter per m 2 ). Faro 57 variety was noted with the potential to increase rice growth under good weed management practices. From the results, it could be concluded that for increased rice growth, Faro 57 under the combination of solarization, orizo-plus and hoe-weeding IWM option should be adopted.
INTRODUCTION
Rice (Oryza spp.) is grown worldwide including Asian, North and South American, European Union, Middle Eastern and African countries. Oryza sativa and O. glaberrima are the two cultivated species of rice among the 25 recognized species [1] . Oryza sativa is more widely grown than O. glaberrima. Globally, rice ranks third after wheat and maize in terms of production [2] . It supplies one or more of the three macronutrients (carbohydrates, proteins and fats) and also micronutrients and minerals vital for survival and health [2] . Rice supplies 2,808 calories/person/day which contributes a major percentage of the total calorie needed and it is a source of income to more than 100 million households around the world [3] . Rice stands out as the major food crop for about half of human race.
Weeds are unwanted plants, which succeed in the struggle for existence in competition with crops [4] . Weeds compete with crops for the limited environmental resources such as light, water, nutrients and even space. Weeds also serve as alternate hosts to pests and pathogens which usually affect crops in the field and during storage [5] . Adigun [6] reported that the percentage losses due to unchecked weed growth on different cereals are appreciable in crops like wheat, maize, sorghum, rice, rye, oats etc. In rice cultivation system, the longer the presence of weeds in rice cropping paddy, the greater the reduction of grain yield [7, 8, 9] . In West Africa, it has been shown that farmers can increase their rice yields by 15-23% through applying relatively basic measures to improve weed control, such as bunding of fields to retain floodwater and timely interventions such as herbicide applications and hand weeding. Integrated weed management will be more compatible with farmers' resources than singlecomponent technology that may require a high level of external inputs [10] . There is, therefore, need to carry out a study on the compatibility of different types of weed management strategies and their suitability to rice production.
MATERIALS AND METHODS

Experimental Site
The trials were carried out during 2017/2018 dry season at the Teaching and Research Fadama farm of the Kebbi State University of Science and Technology located at Jega (Latitude 12º21ˈN; Longitude 4º36ˈE) and that of Usmanu Danfodiyo University Sokoto located at Kwalkwalawa (Latitude 13º01ˈN, Longitude 5º09ˈE). Both locations lie within the Sudan Savanna ecological zone of Nigeria.
Experimental Design and Treatments
The treatments consisted of six (6) weed management options (Solarization/Orizoplus(3WAT)/Hoe-weeding(6WAT), Roundup/Orizo-plus(3WAT)/Hoe-weeding(6WAT), Solarization/Hoe-weeding(3WAT)/Hoeweeding(6WAT), Round-up/Hoeweeding(3WAT)/Hoe-weeding(6WAT), Weedycheck and Weed-free) and three (3) rice varieties (Jamila, Faro 44 and Faro 57). The factorial combinations of the treatments were laid out in a randomized complete block design (RCBD) with split-plot arrangement and were replicated three times. Weed management options formed the main plots while rice varieties were assigned to the sub-plots. The dimensions of the individual plots were 4x3 m (12 m 2 ). Main-plots were spaced at 0.7 m apart; blocks at 1.5 m apart and water channels were well constructed for effective irrigation. The inter and intra-row spacing was 20×20 cm with two seedlings per stand and 20 rows of 15 stands in each plot. The net plot area (2 m 2 ) contained the ten (10) middle rows for growth and yield assessment; while the boarder rows were used for destructive sampling.
Cultural Practices
The fields were cleared, ploughed, harrowed and leveled. N). Surface irrigation method was used to fill up the basin, every three (3) days interval from transplanting and was later increased to two (2) days interval when evapotranspiration increased. The weed control was done as per treatment.
Data Collection
Four (4) plants were randomly selected and tagged from each net plot. Plant height, tiller number and leaf area index were assessed from the tagged plants at 6, 8 and 10 weeks after transplanting. The total number of weeds from 1 m 2 quadrat (weed density) of each plot was collected from the net plot at 3, 6 and 9WAT. Collected weeds were air-dried and later ovendried at 75ºC to a constant weight. The electronic weighing balance was used to measure the dry weight and expressed as g per m 2 .
RESULTS AND DISCUSSION
Response to Integrated Weed Management
Weed control has been identified by Parthipan, et al. [11] as one of the most important and suggestive practices for potential rice production [12, 13] . A total of 14 weed species were identified (Table 1) , which include: Grasses, broad-leaved and sedges. Among the identified weed species, the grass Echinochloa colona (Linn.) Link was found to have the highest occurrence at both locations. Its dominance could be attributed to the fact that it is a common weed of rice and grows in a wide range of soil moisture conditions, from swampy soils to dry land [14] .
Higher weed dry matter was recorded among the weedy-check treatments while lower weed dry matter was observed among weed-free treatment and combination of solarization, orizo-plus and hoe-weeding (Table 2 ). This indicated that weed thrives when left uncontrolled in rice and they respond to measures aimed at controlling them. Combination of solarization, orizo-plus and hoeweeding treatment was only inferior to the weedfree treatment in terms of weed control effectiveness. At 3WAT, a combination of solarization, hoe-weeding and hoe-weeding treatment was statistically the same with a combination of solarization, orizo-plus and hoeweeding treatment. This implies that solarization effectively controlled weeds at the early stage of rice plant. At 9WAT, combination of round-up, orizo-plus and hoe-weeding treatment were statistically at par with a combination of solarization, orizo-plus and hoe-weeding treatment. The result therefore suggests that combination of orizo-plus and hoe-weeding at the later stage of rice plant controls weed better than resorting to only hoe-weeding twice. This agrees with the findings of Singh, et al. [15] , where combination of herbicides and manual weed control gave a significant weed control effect in the rice field.
Growth parameters such as plant height (Table  5) , number of tillers (Table 7) and leaf area index (Table 9 ) were significantly affected by the integrated weed management treatments. Significant increase in plant height was observed with combination of solarization, orizo-plus and hoe-weeding which could be attributed to the facts that its combination options effectively lowered weed population thereby reducing competition by weeds and ensured the availability of growth resources. Also, the production of shorter plants observed in weedycheck treatment at both locations could be attributed to the high population of weeds in competition for growth resources. These results agree with Na-Allah et al. [16] , who reported that weed competition for growth resources in plants usually retards growth due to very high interspecific competition.
More tillers per plant as well as leaf area index was produced by the weed-free treatment and that of a combination of round-up, hoe-weeding and hoe-weeding. This can be linked to the effective weed control which suppresses weed growth thereby reducing competition for growth factors between the crop and weeds. Similarly, the fewer tillers, as well as leaf area index produced by the weedy-check treatment, could be attributed to competition between weeds and crop plants for moisture and nutrients such that plant could not produce more tillers and leaves. Adigun [17] reported that intense weed competition in the weedy-check reduced leaf area index of the crop.
Varietal Response
Varietal difference in weed dry matter was observed at both locations during 3WAT while at 6WAT, it was observed only at Sokoto location ( Table 2 ). The varietal effect consistently revealed that both Faro 44 and Faro 57 had the highest weed dry matter while Jamila had the lowest weed dry matter. The results imply that varietal weed suppression occurs in rice at the early stage. Also, Jamila, which is a local variety compete better with weeds than the other two improved varieties during the early growth stage of rice. These findings agree with the statement of Jonne and David [10] that choice of rice cultivar by farmers is often influenced by the cultivar's ability to suppress or compete with weeds.
The growth parameters such as plant height ( Table 5) , number of tillers (Table 7) and leaf area index (Table 9 ) were significantly affected by variety. Jamila produced taller rice plants, followed by Faro 57 while Faro 44 had shorter plants throughout the sampling periods at both locations and the combined. The taller plants produced by Jamila can be linked to its genetic ability to attain such height. This result conforms to the findings of Nwokwu, et al. [18] , where Jamila produced taller plants among the varieties cultivated.
A number of tillers showed a similarly significant effect on rice variety. Both Faro 44 and Faro 57 produced more tillers while Jamila recorded the least at both locations and the combined mean. The more tillers recorded by Faro 44 and Faro 57 can be attributed to their improved genetics, giving them the capacity to produce number of tillers in the same environmental condition with the unimproved Jamila variety. This is in conformity with the report of USAID [19] , where both Faro 44 and Faro 57 were grouped among improved high yielding rice varieties released for utilization in Nigeria.
The influence of variety on leaf area index was significant and followed a similar trend at both locations throughout the sampling periods. Faro 57 had higher leaf area index followed by Faro 44 while Jamila had the least. The higher leaf area index produced by Faro 57 and then Faro 44 can be attributed to their genetic improvement, enabling them to perform better than the local Jamila variety. This agrees with USAID [19] , where both Faro 44 and Faro 57 were grouped among improved high yielding rice varieties.
Interaction
A significant interaction of IWM and variety on weed dry matter was observed during 3WAT at both locations and the combine (Table 3 ) while at 9WAT (Table 4) , it was only observed at Jega location. The more significant interaction effect of IWM and variety on weed dry matter observed at Jega could be ascribed to the more weed infestation it recorded during the growing season. Low level of weed occurrence was observed among the three varieties when treated with weed free. Observation during 3WAT at Jega revealed that the three varieties treated with a combination of solarization, orizo-plus and hoe-weeding and Jamila variety treated with a combination of solarization, hoe-weeding and hoe-weeding were statistically at par in weed dry matter with the varieties treated with weed-free. This could be as a result of solarization effectively controlling weed at the early stage of rice plant. Observation at Jega during 9WAT revealed that when Faro 57 variety was treated with the combination of polarization, orizo-plus and hoe-weeding and combination of round-up, orizo-plus and hoe-weeding, it was statistically at par in weed dry matter with the varieties treated with weed-free. This could be as a result of Faro 57 effectively maximizing the selective nature of orizo-plus applied during the 6WAT to suppress weed growth. This findings therefore suggest that Faro 57 could be adopted by farmers as [10] revealed that choice of rice cultivar by farmers is often influenced by the cultivar's ability to suppress or compete with weeds.
The interdependency of IWM and variety in giving a synergetic effect among the growth parameters was confirmed in terms of plant height ( Table 6) , number of tillers (Table 8 ) and leaf area index ( Table 10 ). Interaction of IWM and variety on plant height was only observed at Jega location during 10WAT. Jamila variety expressed its maximum height when treated with weed-free and a combination of solarization, orizo-plus and hoe-weeding. This complementary effect of IWM and variety on plant height can be linked to Jamila variety being a tall rice variety among the varieties used and the conducive environment provided by the weed management. This agrees with the findings of Nwokwu, et al. [18] , where Jamila produced taller plants among the varieties cultivated and Adekpe [20] observed that crops are known to perform better under good weed management. When Faro 44 was treated with weed-free at both locations during 10 WAT, more tillers per plant as well as leaf area index was recorded. This results could be because Faro 44 is a fastgrowing improved variety, thereby quickly expressing its growth ability before reaching the reproductive stage and the effective weed control in the weed-free treatment that eliminates weed competition with the rice plant. However, Faro 57 treated with a combination of round-up, hoeweeding and hoe-weeding was only inferior to Faro 44 treated with weed-free in terms of tillers per plant at 10 WAT. The superior performance of Faro 44 and then Faro 57 in terms of tillers per plant as well as leaf area index under weed-free and combination of round-up, hoe-weeding and hoe-weeding IWM could be attributed to their genetic improvement and the effective weed control treatment. This agrees with USAID [19] , where both Faro 44 and Faro 57 were grouped among improved high yielding rice varieties and Adekpe [20] observed that crops are known to perform better under good weed management.
CONCLUSION
From the results obtained, Faro 57 variety has increase rice growth under good weed management practices. Solarization as a weed control measure is effective around the first three weeks after its application. The combination of orizo-plus and hoe-weeding would give a better weed control than resorting to only hoe-weeding twice. Combination of solarization, orizo-plus and hoe-weeding can achieve a similar weed control with the weekly hoe-weeding.
